aBStraCt Introduction: Biological samples have long been used in multiple laboratory investigations, and this procedure has been an issue of concern, as the samples are submitted to repeated freeze-thaw cycles, which may affect the results of a particular immunodiagnostic assay, due to the occurrence of physical damage to the antibody of interest. Objective: This study aimed at investigating the impact of successive freeze-thaw cycles on the stability of serum samples stored at -20ºC regarding the reactivity of anti-treponemal antibodies. Methods: At the Immunology Center-Instituto Adolfo Lutz (IAL), the analyzed serum samples analyzed were prepared and established as reference material for anti-treponemal immunodiagnostic assays. Sera stability was evaluated by chemiluminescence assay in samples submitted to 25 successive freeze-thaw cycles, ranging from 6 to 174 cycles. Results: Neither statistically significant effect on the reactivity of anti-treponemal antibodies (p-value > 0.05), nor adverse effect were observed in weakly reactive samples, such as the occurrence of false-negative results. Conclusion: It was shown that 174 freeze-thaw cycles of anti-treponemal sera did not affect the stability and the quality of samples, when evaluated by chemiluminescence assay.
introDuCtion
The effects of repeated freeze-thaw (F/T) cycles directly on the concentrations of several analytes in serum or plasma samples were of minor interest until the expansion of repository banks at the end of the 20 th century (1) . Although the need for repeated F/T cycles in serum samples may be minimized by storing fractionated specimens in several small containers, it is often necessary to use that one particular serum which has already undergone one or more F/T procedures. When this occurs, reviewers of papers or manuscripts protocols may challenge the reliability of the data analysis obtained from these samples (1, 2) . In practice, it is possible to reanalyze the stored biological samples to confirm the results previously obtained or to perform further investigations. However, the stability of the analytes must be ensured before issuing the detected results or establishing further investigations (3, 4) . It is imperative to develop the categorical studies to ensure that the applied procedure applied can support the use of stored samples, especially in sensitive immunodiagnostic assays, which detect protein structures (antibodies) susceptible to denaturation. It is a concern that repeated F/T cycles may affect the final result of a given assay, based on the sample showing physical damage and consequent biochemical alteration of the antibodies of interest (2, 5, 6) . Although this procedure is a common practice, the data availability of the data on the effects of multiple F/T cycles on antibody integrity is limiting (7) .
Depending on the class of analytes, the universal recommendation for serum treatment is crucial the minimum number of F/T cycles to avoid significant reduction in sensitivity. Antibodies and immunoglobulins have been described as stable components at -20ºC for long periods of time (6) . However, it is necessary to be aware of the F/T cycles in serum samples of each antibody class and in each type of assay used, to ensure that the results achieved in prospective studies are reliable (2, 8) . 10 (6) showed that sera submitted to 10 F/T cycles or less of being suitable for performing the serological analysis without significant loss of sensitivity in the immunoenzymatic assay for syphilis.
oBjECtivE
This study aimed at evaluating the impact of the successive F/T cycles of serum samples, standardized as the reference material with the relative stability of anti-treponemal antibody reactivity, using a chemiluminescence assay.
MEthoDS
The analyzed serum samples analyzed were prepared and established as reference materials (9) (10) (11) (12) to be included as internal quality control (IQC) when performing the treponemal serological tests in the diagnostic laboratories or in conducting researches.
In the present study, the chemiluminescence assay -Advia Centaur-Syphilis (Siemens Healthcare Diagnostics, Inc, NY, USA) was used in the Laboratory of Syphilis-Centro de Imunologia do Instituto Adolfo Lutz (CIM-IAL).
For conducting this study were produced four batches of anti-treponemal positive IQC sera [P01N176 (dilution 1:1000), P03N177 (dilution 1:100), P04N178 (dilution 1:100) and P06N180 (dilution 1:300)]; and one batch of negative serum (batch 165) was produced.
The mentioned batches of sera mentioned were prepared and then stored in a freezer at -20ºC for a short time, around three weeks. Immediately after storage, 25 vials of serum were selected from each batch to be submitted to the F/T process (F/T serum) and one vial as the reference sample (RS), which remained stored in a freezer at -20ºC. The F/T serum samples were taken from the freezer and they were placed at room temperature until completely thawed, and then frozen again. F/T procedure was repeated until the following numbers of cycles were completed: 6-13-20-27-34-40-48-55-62-69-73-80-89-97-104-111-117-125-132-140-146-153-160-167-174. Serum samples were grouped and identified according to the number of cycles and stored in the freezer at -20ºC until the assay be performed.
In order to avoid the effects of any variations that might occur in the laboratory daily routine, the stability analyses of the samples of different F/T and of the RS cycles were performed under the same conditions used for the anti-treponemal IQC sera.
Stability was assessed by analyzing the presence or absence of analyte reactivity variations (antibody positivity or negativity) by chemiluminescence assay -Advia Centaur-Syphilis -for detecting anti-T. pallidum antibodies, by following the procedures recommended by the manufacturer of the respective set of immunodiagnostic reagents. The samples of each cycle of F/T and RS were calculated by using the means from three determinations results.
The results of the chemiluminescent assay were expressed by the index value, and the sample was considered reagent when value was ≥ 1.0 and the value of < 1.0 as negative. These results were evaluated by simple linear regression analysis, using STATISTICA version 11, together with analysis of single-factor of variance (One-Way Anova) (13) (14) (15) , using the Microsoft Office Excel Program.
This study was approved by the IAL -Human Research Ethics Committee (CAAE: 57496516.7.0000.0059).
rESuLtS
According to the procedures established for preparing the reference material in the CIM-IAL, the batches of sera produced for this study were previously characterized for analyzing their reactivity, by using different sets of diagnostic tests for the detection of treponemal and non-treponemal antibodies.
In chemiluminescent testing from the Advia Centaur diagnostic reagent set, the positive anti-treponemal antibodies serum sample was diluted in accordance with the technical guide (9) ; thus, the ideal dilution of positive IQC corresponded to the index value between 1.5-4.5 times the cut-off value of the test (equal to 1.0). The process for evaluating the homogeneity of serum samples was carried out in accordance with the ABNT ISO Guia 35 (15) .
The results detected in RS were used as reference parameter for evaluating the adverse effects on the antibody reactivity in sera submitted to multiple F/T processes.
Aiming at applying the linear regression analysis to the results found in chemiluminescence assay, a table was drawn up including the following data: the mean values of results detected in three determinations of F/T samples in different cycles of each batch of anti-treponemal IQC and in the negative serum (batch 165). Also the values of their respective RS stored at -20ºC were included ( Table 1) .
The results obtained from anti-treponemal IQC samples (P01N176, P03N177, P04N178, P06N180) showed index values between 1.5-4.5 times the cut-off value. The coefficient of variation (CV) mean calculated in each batch was, respectively 1.1%, 1.4%, 1.1% and 0.9%, which did not represent significant variations in sera results even after multiple F/T cycles (174 cycles).
The negative control serum (batch 165) showed no change in reactivity after being subjected to multiple F/T cycles, which was evidenced by the non-occurrence of false positive reactions in the specific antibody detection assays. Table 2 shows the results of the regression analysis of mean values of three determinations of samples submitted to 174 F/T cycles and of the RS, according to the anti-treponemal IQC batch (P01N176, P03N177, P04N178 and P06N180).
Since the anti-treponemal IQC batches presented p-value higher than 0.05, it could be concluded that there was no significant difference among the values; therefore, the material was considered stable even after 174 F/T cycles. For the negative sample 165, included in the stability analysis, the p-value was lower than 0.05, which demonstrated the occurrence of a statistically significant difference among these values. However, the interpretation of the laboratory result was not changed, remaining as a "nonreagent sample", and being in accordance with the acceptance criteria established by the manufacturer of the used diagnostic set. Therefore, the sera were considered non-reactive because they showed a relation value index of < 1.00. In addition, this serum was also analyzed by the fluorescent treponemal antibody absorption (FTA-Abs) technique, which confirmed the negativity of sample. 5 show the relation of 95% confidence interval among the index values mean based on the F/T cycles respectively, for the anti-treponemal IQC batches -P01N176, P03N177, P04N178 and P06N180 -and negative sample (165), respectively.
Figures 1 to
In Figures 1 to 5 , the regression lines from each batch were constructed to analyze the significant trend in the stability of positive or negative sera to anti-treponemal antibodies. The obtained slope was tested for significance by the p-value, and for the antitreponemal IQC batch the regression was not significant and it did not present a trend (p-value > 0.05). Therefore, the mean values of the sera indexes did not change according to the cycles and they were Table  1 no change in reactivity was detected after multiple F/T cycles, which was evidenced by the absence of false positive reactions in chemiluminescence assay.
DiSCuSSion
The study demonstrates that serum samples submitted to 174 F/T cycles do not show changes in the reactivity of anti-treponemal antibodies that could cause adverse effects in the results of the used chemiluminescence assay used. These data are important for researchers seeking information on the use of biological material in serological evaluations.
Despite the recommendation on the serum treatment in a minimum number of F/T cycles to avoid significant reduction in sensitivity, few studies are available on this matter (1, 5, 16) . Thus, the present study was designed to investigate the invariability of the reactivity characteristic of anti-treponemal antibodies in samples prepared for IQC. Since the IQC samples present low positive reactivity, any changes in their components are easily detected in the final test result. Hence, these samples are the tools to evaluate the integrity of the sera after having been submitted to multiple F/T cycles.
Controlling of the pre-analytical process is fundamental for the stored sera, as they can be used in the retrospective and prospective studies, or even to maximize the laboratory results information. One of the quality indicators to detect errors at this stage is the improper storage of biological samples (16) . It is worth pointing that appropriate care should be taken during handling and storing sera, as many other factors might induce protein degradation, such as storage time, microbial contamination, among others, which affect the final results of the studies. Therefore, it is recommended to store the biological material in small aliquots; however, this is not achievable for large studies (2, 3, 7) . The present study has some limitations. Firstly, the results of F/T cycles were based on samples stored for a short time (103 days). It would have been ideal to perform the study also in samples stored for longer periods in order to more thoroughly analyze the stability of sera concerning F/T cycles. Although the antibodies have been reported to remain stable at -20ºC for prolonged periods of storage (6, 17) , comparing samples with different storage times and subjected to F/T cycles are an important data on the sera integrity for performing prospective investigations.
Another limiting factor was the failure in performing the immunoglobulin measure in samples before and after F/T and the antigen-antibody binding variance tests. This investigation was based on results detected in the used methodology, in which the applied F/T cycles applied did not interfere in the performance of the samples regarding the reactivity of specific antibodies. No false negative reactions and false positive results occurred, which demonstrates the stability of studied sera studied after performing successive F/T cycles.
In both biobanks design and use of stored sera, this study might be valuable in evaluating the integrity of samples, especially for those that have already undergone different laboratory tests. It is important to establish a quality assurance program to monitor the behavior of the stored samples (3) . Thus, knowledge regarding the stability of serum antibodies during repeated F/T cycles will enable the use to its maximum potential.
ConCLuSion
Based on the results found in the anti-treponemal antibody detection tests observed in the chemiluminescence assay and considering the conditions established in the present analysis, it can be concluded that the sera remained stable after successive F/T cycles.
Although further research is required to assess the stability of sera submitted to the F/T procedure, the present study showed that neither a change in the reactivity characteristic of anti-treponemal antibodies in weakly reactive sera, nor absence of expressive effect on the results of the analyzed samples were occurred.
aCknowLEDgMEntS
Special thanks to André Rodrigues de Campos and Elizete dos Santos Goya, professionals from the Central Laboratory of the CIM-IAL, for the excellent technical support in carrying out this study.
We are also grateful to the Fundação Hemocentro de Ribeirão Preto-Faculdade de Medicina da Universidade de São Paulo (FMUSP), Ribeirão Preto campus (SP), and to the Associação Beneficente para Coleta de Sangue (COLSAN), São Paulo (SP), for providing the discarded plasma bags supply.
